Objectives: To assess social class differences in overweight and health-related behaviours in 5 -7-y-old German children. Design: Cross-sectional study. Setting: Twenty-nine primary schools in Kiel (inhabitants: 248 000), northwest Germany. Subjects: A total of 1350 German 5 -7-y-old children and their parents. Main outcome measures: Body mass index (BMI), fat mass and health-related behaviours of the children. Self-reported height and weight of their parents, parental school education as a measure of social class. Results: The prevalence of overweight ( ! 90th percentile of reference) was 18.5%. There was an inverse social gradient (P < 0.01): the highest fat mass was observed in children from low social class. The odds ratios for overweight reached 3.1 (CI 1.7 -5.4) in boys and 2.3 (CI 1.2 -4.3) in girls, respectively (low vs high social class). Overweight parents (BMI ! 25 kg=m 2 ) were more likely to have overweight children. Parental overweight enhanced the inverse social gradient. The prevalence of overweight was 37.5% (low social class) vs 22.9% (high social class) in children from overweight parents, respectively. There was an inverse social gradient in unhealthy behaviours. Parental BMI and physical inactivity were independent risk factors of overweight in children. Conclusions: In 5 to 7-y-old children overweight and health-related behaviours are inversely related to social class. Parental overweight enhanced the risk of childhood overweight. The familial effect on body weight is most pronounced in children with low social class. Preventive measures should specifically tackle 'overweight families' from low social class.
Introduction
Social inequalities in health are a growing public health concern. A low social class is associated with higher morbidity as well as mortality. 1 -3 Social differences are well established for coronary heart disease: people from low social class more often suffer from coronary heart disease than people from high social class. 4, 5 An inverse social gradient is also found for obesity in women. 6 Among men and children this relationship is less consistent. 6 In a review of the literature 6 13 studies (out of 32) among girls and 11 studies (out of 34) among boys showed an inverse relationship. More recent studies indicate that socio-economic differences in body weight are not present in childhood, but emerge later in early adulthood. 7 The aim of the present study was (i) to assess whether differences in overweight and lifestyle factors are already present in a group of 5 to 7-y-old children from different social classes and (ii) to assess the interaction between familial risk and social class on childhood obesity.
Methods

Subjects
Data of the Kiel Obesity Prevention Study (KOPS) between 1996 and 1998 were analysed. 8 -11 Between that time a total of 6927 children (1996: 2227; 1997: 2250; 1998: 2450) were examined by the school physicians in Kiel. During that time 2561 (37%) children (1996: 611; 1997: 896; 1998: 1054) were recruited from 29 out of the 31 primary schools in Kiel, northwest Germany (inhabitants: 248 000) for KOPS. The schools were equally located in high-and low-income areas. The enrolment took place in co-operation with the school physicians of Kiel. The local ethical committee of the Christian-Albrechts-University approved the study protocol. The aims of KOPS were explained to all parents and children.
Parents and children voluntarily participated and written consent was obtained from all parents. Nutritional status of the children was measured, socio-demographic and lifestyle factors of the children and families were assessed in a questionnaire. Of the 2561 children enrolled in KOPS 1381 (53.8%) questionnaires were returned. To classify a subject by social class, information on parental school education (see definition of social class) was needed. For 1350 children (673 boys, 677 girls) parental school education was obtained. Anthropometric data (age, gender, body weight and height) suggest that our study population is representative of the total population of 5 to 7-y-old children in Kiel.
Social class
The highest school education achieved by either mother or father was used to define social class. Parental education was divided into 'low', 'middle' and 'high'. 'Low' was assigned to those who attended school for nine years; 'middle' to those who left school after 10 y; and 'high' to those who achieved an advanced level of education (13 y). Single parent families were not excluded, and these children were classified according the school education of the single parent. We do not have information on children who did not participate in KOPS. It is tempting to speculate that children from low social class refused more frequently to participate. Thus children from high social class might be over-represented in this sample (46.9 vs 29.4% for middle and 23.7% from low social class). If children from low social class are underrepresented, the effect of social class on nutritional status and its lifestyle determinants is expected to be weaker. Thus our findings may even underestimate the differences between social classes.
Nutritional status
Weight was measured to the nearest 0.1 kg on a calibrated balance-beam scale with subjects wearing underclothes. Height was assessed to the nearest 5 mm. Triceps (TSF), biceps (BSF), subscapular-(SSF) and suprailiacal (SIF) skinfolds were measured to the nearest 1 mm with a Lafayette caliper (Model 01127, Lafayette Instrument Company, IN, USA), calibrated to exert a constant pressure of 10 g=mm 2 . Skinfold thickness was determined using standard technique. 12 The coefficients of variation of repeated measurements of TSF, BSF, SSF and SIF in 150 5 to 7-y-old children (50 children from five schools each year) were 4.2, 6.8, 5.1 and 5.3%, respectively. Skinfold measurements were done by four trained nutritionists and students of nutrition and food science at the Christian-Albrechts-University of Kiel. Fat mass (FM) was calculated using age-and gender-specific formulas according to Lohmann. 13 Overweight was defined as TSF equal or above the gender-specific 90th percentile (boys ! 12.9 mm; girls ! 14.5 mm) based on reference data for children in north west Germany.
14 The 90th percentiles of body weight and body mass index (BMI) were calculated separately for boys (28.0 kg and 18.1 kg=m 2 ) and girls (27.7 kg and 17.9 kg=m 2 ). The 90th percentiles of FM were 21.3% in boys and 23.1% in girls. Self-reported body weight and height were obtained in 1286 fathers and 1338 mothers. In adults overweight and obesity were defined as BMI ! 25 and ! 30 mg=m 2 , respectively.
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Health-related behaviours Health-related behaviours were self-reported by the use of a questionnaire. Attending a sports club was used as an index of physical activity. In addition hours of weekly physical activity in a sports club were assessed. Physical inactivity was assessed as hours of TV viewing per day. Dietary intake was recorded by a 26 item-food frequency questionnaire. 10 In order to calculate a validated 'Dietary Pattern Index' (DPI) 16 food frequencies were evaluated by a three-stage scale according to German recommendations for nutrition in children. 17, 18 A DPI equal or above a score of 34 reflects a favourable dietary pattern, scores between 33 and 28 stand for a normal dietary pattern and an unfavourable dietary pattern was identified by a score equal to or below 27.
Statistical analysis
The statistical analysis was performed by StatView 4.0 (Abacus Conceps Inc.). Results were presented as means and standard deviations. Odds ratios and their 95% confident intervals (CI) for the 90th percentile of weight, BMI, TSF and percentage FM were calculated. High social class was taken as the reference group. Mann Whitney U-tests were used to determine main effects of sex on the nutritional status. Chi-square-tests and the non-parametric Kruskal and Wallis test were performed to determine social differences. After significant differences between social classes were identified, a Bonferroni correction was used to identify the location of the differences. Two-factor ANOVAs with social class and sex, social class and parental nutritional status as well as social class and family status as the two factors were applied. A multiple regression analysis was run with BMI of the children as dependent variable and social class, BMI of mother and father, membership in a sports club and TV viewing as independent variables. Level of significance was set at P < 0.05.
Results
Nutritional status of children and parents
Children from low social class had higher fat masses than children from high social class (Table 1 ). The overall prevalence of overweight was 18.5%. It was 14.9% in children Social class, childhood obesity and risk factors K Langnäse et al from high social class and 22.6% in children from low social class (Bonferroni correction, P < 0.01). There were gender differences in height, weight, triceps-skinfold and FM of children. Boys were taller, had higher body weights and higher fat masses than girls (Table 1 ). Children's risk of being above the 90th percentile of weight, BMI and FM increased from high to low social class ( Table 2) .
Parents from low social class were younger than parents from high social class (fathers, 36.1 vs 39.1 y, mothers, 32.6 y vs 35.8 y, Bonferroni correction, P < 0.0001). Parental BMI differed between low and high social class. The mean BMI was 25.9 ( AE 4.1) and 24.6 ( AE 2.7) kg=m 2 ) in fathers from low and high social class, respectively (Bonferroni correction, P < 0.0001). In mothers mean BMI was 24.5 ( AE 5.5) and 22.5 ( AE 3.6) kg=m 2 ) in low and high social class, respectively (Bonferroni correction, P < 0.0001). The prevalence of overweight and obesity differed between parents from low and high social class (Bonferroni correction, P < 0.0001). 56.8% of fathers from low social class were overweight, and 11.3% were obese. By contrast, only 37.3% of fathers from high social class were overweight and 3.4% were obese. In mothers prevalence of overweight as well as obesity was 36.9 vs 16.8% and 13.0 vs 4.1% (low vs high social class), respectively. The risk of obesity increased from high to low social class by 3.6 in fathers and 3.5 in mothers.
Association between parental and childhood overweight When compared to normal or underweight parent overweight parents were more likely to have overweight children. 27.9% of the children of overweight mothers were overweight, whereas only 16.7 and 12.8% of children from normal-weight and underweight mothers were overweight (w 2 test P < 0.0001). 22.9, 16.1 and 14.8% of children of overweight, normal-weight and underweight fathers, respectively, were overweight (chi-square test, P < 0.05).
The inverse social gradient in childhood overweight was enhanced by parental overweight: children of two overweight parents from low social class had the highest BMI, whereas children of two normal-weight parents from high social class had the lowest BMI (Figure 1 ). Social class (ANOVA, P < 0.001) as well as parental BMI were main effects (ANOVA, P < 0.0001). The social class-by-parental BMI interaction was not significant (ANOVA, P ¼ 0.121). 37.5% of children of overweight parents from low social class were overweight. By contrast, only 22.9% of children of overweight parents from high social class were overweight.
Health-related behaviours
Physical activity=inactivity. Physical inactivity but not physical activity differed between overweight and normalweight children. Overweight children spent 82.5 min and normal-weight children 70.5 min per day watching TV (Bonferroni correction, P < 0.0001). There were social gradients in physical activity as well as sedentary behaviours in the Social class, childhood obesity and risk factors K Langnäse et al overall study population. When compared with children from high social class, children from low social class were less often members in a sports club (36.2 vs 66.8% of children from low and high social class, respectively, attended a sports club; Bonferroni correction, P < 0.001). They spent less time on exercise in a sports club (38 and 69 min=week in children from low and high social class, respectively; Bonferroni correction, P < 0.0001). Children from low social class spent more time watching TV (91.9 AE 51.9 min=day) than children from high social class (58.7 AE 34.7 min=day, Bonferroni correction, P < 0.001).
Diet. The mean DPI did not differ between overweight and normal-weight children. However, it differed between children from low and high social class (Bonferroni correction, P < 0.0001) as well as between children from low and middle social class (Bonferroni correction, P < 0.01). The prevalence of favourable and normal DPI increased with social class (19.6% in children from low when compared with 28.7% in children from high social class had a favourable DPI). By contrast, the prevalence of unfavourable DPI decreased with social class (low social class, 37.0% vs high social class 21.3%, P < 0.0001). Children from low social class more frequently consumed white bread, salted snacks and sweet soft drinks such as lemonade (Bonferroni correction, P < 0.0001) when compared with children from high social class. By contrast, whole wheat bread and fruit were less frequently consumed by children from low social class (Bonferroni correction, P < 0.0001).
Association between health-related behaviours of children and nutritional and school education of their parents Children of two overweight parents from low social class had the highest level of inactivity (Figure 2a) . By contrast, children of normal-weight parents from high social class had the lowest level of inactivity (Figure 2a ). Social class (ANOVA, P < 0.0001) as well as parental BMI (ANOVA, P < 0.0001) were main effects. The social class-by-parental BMI interaction was not significant (ANOVA, P ¼ 0.471). The gradient in relation to parental BMI is less consistent for physical activity and DPI (Figure 2b, c) . Comparing overweight (both parents and child are overweight) and normal-weight families (both parents and child are normal-weight), TV viewing but not physical activity and DPI showed significant differences between groups (Table 3) : children of overweight families were more frequently inactive when compared to children of normal-weight families. Social class (ANOVA, P < 0.001) and family status (ANOVA, P < 0.001) were the main effects. The social class-by-family status interaction was not significant (ANOVA, P ¼ 0.760).
Determinants of children's BMI
In a multiple regression analysis social class, parental BMI and health-related behaviours of the children accounted for 12.5% of the variability in children's BMI (P < 0.0001). Parental BMI (b for BMI mother: 0.267, P < 0.0001; b for BMI father: 0.131, P < 0.0001) and physical inactivity (b: 0.066, P < 0.05) were independent risk factors of overweight in children. Figure 1 BMI of 1350 5 to 7-y-old children stratified according to social class and BMI of parents. Low social class -no parent overweight; n ¼ 122, one parent overweight; n ¼ 121, both parents overweight; n ¼ 74; middle social class -no parent overweight, n ¼ 177, one parent overweight, n ¼ 154; both parents overweight; n ¼ 72; high social class -no parent overweight, n ¼ 352, one parent overweight, n ¼ 226, both parents overweight, n ¼ 52. ANOVA, P social class < 0.001; P parental BMI < 0.0001; P social class*parental BMI ¼ 0.121.
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Discussion
Social class has a strong influence on nutritional status and health-related behaviours. Social class differences in nutritional status are already evident in prepubertal children. (Table 1) . We found an inverse social gradient in the risk of overweight (Table 2, Figure 1 ). Children from low social class had a higher prevalence of overweight. This finding is in accordance with 24 studies, but in contrast to 23 studies. 6 Two more recent studies found socio-economic differences in nutritional status in girls only. 19, 20 By contrast, other studies like the 1958 birth cohort in England, Scotland and Wales showed no significant differences in BMI of 5 to 7-yold children from different social classes. 7 The difference between the studies may be explained by incomplete stratification of children in previous studies. Our data also suggest that the well-known association between parental and ANOVA: P social class < 0.0001; P parental BMI ¼ 0.350; P social class*parental BMI ¼ 0.274. Low social class -no parent overweight, n ¼ 122, one parent overweight n ¼ 121; both parents overweight, n ¼ 74; middle social class -no parent overweight, n ¼ 177, one parent overweight n ¼ 154; both parents overweight n ¼ 72; high social class -no parent overweight n ¼ 352; one parent overweight; n ¼ 226, both parents overweight, n ¼ 52.
Social class, childhood obesity and risk factors K Langnäse et al childhood overweight differs between different social groups. Social class as well as BMI of the parents influenced to BMI of the children (Figure 1) . Only a few studies have examined the effect of social class on health-related behaviours in prepubertal children. Most studies investigated adolescents. These studies also found a social gradient in health-related behaviours. 21, 22 Two studies reported frequent unhealthy food choices in adolescents from low social class. 23, 24 Our data suggest that; (i) there are also social gradients in health-related behaviours in prepubertal children ( Figure 2) ; and (ii) health-related behaviours might at least in part explain socio-economic differences in the prevalence of overweight. However, we found significant between-groups differences in sedentary behaviours, but not in activity and nutrition (Table 3) .
Our findings may have an impact on social inequalities in health: in adults, obesity is a risk factor of hypertension, diabetes mellitus as well as coronary heart disease. 25 There is evidence that more than 40% of 5 to 7-y-old overweight children remain overweight or will become obese. 26 Most of the children will stay in the same social class. Thus, to prevent social inequalities in health, interventions should start early in childhood. Our data suggest that children from low social class are a high-risk group. Preventive measures should specifically tackle 'overweight families' from low social class. Social class, childhood obesity and risk factors K Langnäse et al
